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Abstract 
Rice seedlings (Oryza sativa L.) were grown in a controlled environment and divided into control seedlings (CK1: 
80% field capacity was always held), preconditioned seedlings (PT, 6 days mild drought for preconditioning—3 days 
re-watering—intermediate drought stress) and non-preconditioned seedlings (CK2, 9 days 80% field capacity and 
immediately followed by intermediate drought). Photosynthetic CO2 exchange, photosynthetic pigment content were 
measured in CK1 and PT after preconditioning and re-watering as well as CK1, PT and CK2 after intermediate 
drought. After exposure to 6 days mild drought preconditioning, stomatal conductance (gs), transpiration rate (E) and 
chlorophyll content were lower, while Car content and Car/Chl ratio were higher in PT than those in CK1. PT had no 
significant differences in net photosynthetic rate (Pn) compared to CK1. After re-watering, Chla content was higher 
but Car/Chl ratio was lower in PT than those in CK1, and other parameters of PT were similar to CK1. After 
exposure to intermediate drought stress for 6 days, PT showed high water use efficiency (WUE) after intermediate 
drought stress. CK2 suffered more serious injuries than PT as indicated by lower Pn and pigment content, suggesting 
that the differences in response to intermediate drought stress in CK2 and PT seedlings are closely related to the 
effect of mild drought preconditioning. It may be concluded that preconditioning made rice seedlings modulate their 
metabolism such that they could acclimatize more successfully to the fluctuating water stress environment. 
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1.  Introduction  
Drought is one of the most severe constrains to crop production. Drought comes in many forms with 
respect to timing and severity, ranging from long drought seasons when the water supply by rain is lower 
than the demand, to short periods without rain when plants rely completely on the available water in the 
soil [1, 2]. As the most important world food crop, rice (Oryza sativa L.) demands tremendous amounts of 
water during growth, which results in a number of production challenges. In order to tackle such problems, 
researches are being made to seek effective method to enhance water stress tolerance of the plants. This is 
based on the fact that all plants apparently have the necessary genetic information to adapt to water stress 
to some extent. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Intelligent 
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Drought stress has profound effects on plant physiology. Drought causes stomata closure with 
consecutive reduction in transpiration, decreases in chlorophyll content [3, 4]. Subsequently, photosynthesis 
is affected by internal water deficiency following stomatal closure. According to Price et al. [5], plant 
response to water deficit is the optimization of CO2 gain through stomatal aperture while minimizing water 
loss. Efficient regulation of transpiration can result in higher water use efficiency, thus resulting in a better 
post-drought recovery and performance of plants after early season drought [6, 7].  
Upon appropriate stimulation (preconditioning), plants can increase their resistance against future stress 
exposure. This phenomenon is known as induced resistance. Since the discovery of priming in plant cell 
suspension cultures by Kauss et al. [8], priming has been demonstrated in different plant species against 
pathogens, insects, and abiotic stress [9]. Primed plants display either faster and, or stronger, activation of 
various defence responses that are induced following attack by either biotic or abiotic stress [10]. Priming 
can be elicited by exogenous chemicals as well as by exposure to the stress cues themselves [11, 12]. 
According to previous results [13], complete immersion of 5-day-old tomato seedlings  for 12 h in low 
osmotic potential PEG solutions (-0.5, -0.75 and -1 MPa) induced greater vegetative growth of adult plants 
under 100 mМ NaCl conditions, as well as adaptive physiological responses concerning ionic, nutritional 
and osmotic regulation. Such an effect might be attributed to the positive changes at the epigenetic level at 
an early stage of seedling treatment in the form of “stress imprint” that presumably played an important 
role in enabling the long-term modulation in the gene expression [14].  
If rice has the capacity for some form of ‘‘stress imprint’’ from previous water stress, we can expect that 
rice would rapidly modulate their metabolism when water stress recurs. In this study, we have developed a 
new experimental approach: let rice exposed to mild drought stress (preconditioning) and re-watering, and 
then exposed to intermediate drought stress. The present study reveals that preconditioning treatment of 
mild drought stress modulates photosynthetic CO2 exchange and photosynthetic pigment content of rice 
seedlings, in order to enhance the tolerance in stress conditions.  
2.  Materials and methods 
2.1. Plant material and treatments 
Rice seeds were surface sterilized in 2.65 % sodium hypochlorite for 10 min and then washed thrice 
thoroughly in distilled water. Seeds were then soaked in sterile deionized water at 28  for 6 h and then ℃
transferred to two sheets of sterile filter paper moistened with deionized water. The seeds were germinated 
at 28  for 48 h in the dark. On the next day, the germinated seeds were grown in pots filled with ℃
vermiculite under well-watered conditions in a growth chamber (27  day/20  night, 16 h/8 h light/dark ℃ ℃
period, 800 μmol m-2 s-1 PPFD and 80% relative air humidity). Seedlings were irrigated with nutrient 
solution.  
Seedlings were grown for 8 days and then divided into three groups. (1) CK1: control seedlings, 
maintained at about 80% field capacity throughout the 15 days experiment by daily watering. (2) CK2：
non-preconditioned seedlings, well watered 9 days and then stressed by 40% field capacity (denoted as 
Intermediate drought). (3) PT: preconditioned seedlings, preconditioned by exposure to mild drought (50% 
field capacity) for 6 days, re-watered to 80% field capacity for 3 days and then exposed to 40% field 
capacity for 6 days as for CK2.  
2.2 Measurement of chlorophyll content 
The second leaves (0.1g) were collected  and soaked in 10 ml 95% (v/v) ethanol at 4℃ in darkness 
until the tissues became white. Extracts was used to measure the absorbance at 663, 645, and 470 nm. 
Chlorophyll (Chl) and carotenoids (Car) content were calculated.  
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2.3 Measurements of photosynthetic gas exchange  
Net photosynthesis rate (Pn) of second leaf were measured using a portable photosynthesis system (LI-
6400, Li-Cor, Lincoln, NE, USA) with an open system and logged at CO2 concentration of about 370 μmol 
mol-1 in the leaf chamber, and at a constant air flow rate of 500 μmol s-1. Gas exchange was measured 
under saturated light between 10:00 and 12:00. Stomatal conductance (gs) and transpiration rate (E) were 
recorded simultaneously with Pn. Nine leaves were measured for each treatment. 
2.4 Statistical analysis  
The results were subjected to analysis of independent samples T Test between CK1 and CK2 or PT in 
each measuring date. The data analysis was carried out using statistical package SPSS 7.5. Comparisons 
with P < 0.05 were considered significantly different. 
3.  Results 
3.1 Effects of preconditioning on photosynthetic pigments 
Chla and Chlb content declined significantly by the 6 days mild drought (Fig 1). After 3 days of re-
watering, Chlb content reached to CK1 value and Chla content was higher than that of CK1. Following 
intermediate drought, Chla and Chlb content in CK2 showed a significant decrease in comparison with 
CK1 but Chla content in PT had no change.  
Car content significantly increased in PT after mild drought and recovered to the value of CK1 after re-
watering (Fig 2). After intermediate drought, Car content in PT was significant higher but was lower in 
CK2 than that of CK1.  
 
Figure 1. Changes in chlorophyll a content (a), chlorophyll b content (b) and Car content (c) of rice leaves subjected to mild drought 
for 6 days, re-watering for 3 days and intermediate drought for 6 days. Data are expressed as the mean ± standard deviation (SD) of 
three replicates. An asterisk symbol ( ) denotes significance at p<0.05 between ※ CK2 or PT vs CK1. 
Preconditioning treatment of mild drought increased Car/Chl ratio, and after 3 d re-watering Car/Chl 
ratio significantly declined. Exposed to intermediate drought, non-preconditioned seedlings (CK2) had a 
significant high Car/Chl ratio, while preconditioned seedlings (PT) showed no significant change in 
Car/Chl ratio (Fig 2).  
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Figure 2. Changes in Car/Chl ratio of rice leaves subjected to mild drought for 6 days, re-watering for 3 days and intermediate 
drought for 6 days.  
3.2 Effects of preconditioning on photosynthetic gas exchange 
Net photosynthetic rate (Pn) was not significantly altered by the mild-drought preconditioning and 
subsequent re-watering (Fig 3). After intermediate drought, there was no significant difference between 
CK1 and PT, but was a significant reduction in CK2. This indicates that the mild-drought preconditioning 
alleviated the adverse effect of recurred drought on net photosynthetic rate. 
 
Figure 3. Changes in net photosynthetic rate (Pn) of rice leaves subjected to mild drought for 6 days, re-watering for 3 days and 
intermediate drought for 6 days.  
Stomatal conductance (gs) and transpiration rate (E) decreased significantly by mild-drought but 
differences disappeared after re-watering (Fig 4). Mild-drought preconditioning did not alleviate the 
adverse effects of following intermediate drought on stomatal conductance and transpiration rate. PT and 
CK2 all showed significantly decreased in stomatal conductance and transpiration rate after the 
intermediate drought environment.  
 
 
Figure 4. Changes in stomatal conductance, gs (a) and transpiration rate, E (b) of rice leaves subjected to mild drought for 6 days, 
re-watering for 3 days and intermediate drought for 6 days.  
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Mild drought and re-watering did not cause any change in water use efficiency (WUE, calculated as 
Pn/E) (Fig 5). After intermediate drought, preconditioned seedlings had a significant high WUE compared 
with CK1 and CK2. This indicates that preconditioning was found effective in improving WUE in the 
recurred drought. 
 
Figure 5. Changes in water use efficiency (WUE) of rice leaves subjected to mild drought for 6 days, re-watering for 3 days and 
intermediate drought for 6 days.  
4.  Discussion 
The present study was aimed to evaluate the stress alleviation potential of seedling preconditioning 
(mild drought) for increasing the stress tolerance of rice under intermediate drought stress.  
Chl being highly sensitive to soil drought and drought-induced reductions in pigment contents were 
previously found in several crop species [15, 16]. However, Chla content did not change under intermediate 
drought stress in PT, which may be related to an acclimating effect of mild drought preconditioning. This 
is also supported by the fact that after intermediate drought, Chl contents in CK2 were significantly lower 
than those of CK1, which may be related to thylakoid membrane disintegration due to oxidative stress [17]. 
Chl loss has also been considered as an adaptive feature, which reduces the possibility of further damage to 
the photosynthetic machinery by the formation of ROS under an excess of excitation energy [18, 19].  
Car, as a nonenzymatic protector dissipates excessive solar energy. In our study, Car/Chl ratio increased 
under drought stress, indicating that this energy dissipation mechanism helped to decrease the energetic 
overcharges in PSⅡ and PSⅠ[20], thus enhancing the photoprotection. Net photosynthesis rate indicated 
that in preconditioning treatment the effective stress is somehow diminish, and hence, the need for 
increased nonenzymatic protector accumulation is reduced.  
The results reported here show that after 6 days exposure to intermediate drought, PT maintained net 
photosynthesis rate similar to the CK1, while CK2 significantly decreased their net photosynthesis rate 
(Fig 3). Contrary to previous studies that have related decrease in Pn with reduced Chl in different species 
[15, 21], we did not find reduction of Pn in PT under intermediate drought. We assume that the process of Pn 
reduction, possibly, has not already been developed at mild drought and our plants have developed various 
biochemical and physiological mechanisms to respond and adapt to the later intermediate drought stress. 
Partial stomatal closure was the dominant mechanism employed by plants to cope with drought [22]. Our 
findings agree with Lauriano et al. [3], who found that the gs and E values were markedly low in plants 
under drought stress as compared to CK1. Lang and Palva [23] and Knight et al. [24] suggested that if plants 
have previously undergone an acclimation process, their reaction to the following stress is more successful. 
In the present work, gs and E values were decreased in PT and so, WUE was significantly increased. Such 
an effect might be attributed to the positive changes at the epigenetic level at an early stage of seedling 
treatment in the form of “stress imprint” that presumably played an important role in adapt better to the 
intermediate drought stress. 
In our experimental design, the only difference between CK2 and PT plants is that PT plants were pre-
exposed to mild drought, while the CK2 were not. This experimental approach allowed us to evaluate the 
ability of rice to adapt to different soil conditions over a short, continuous period of time. The results 
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suggest that preconditioned plants display either faster and, or stronger, efficient metabolism that are 
induced by mild drought stress. 
Acknowledgment 
This study was supported by the National Natural Science Foundation of China (31070285, 30870205) 
and the Liaoning province Natural Science Foundation (20092070, 20102205). The authors wish to thank 
Prof. Tao for his help in revision of the manuscript. 
References 
[1] S. Fukai, M. Cooper, Development of drought-resistant cultivars using physiomorphological traits in rice [J], Field Crops 
Res. 1995, 40, pp 67–86. 
[2] H.R. Lafitte, Z.K. Li, C.H.M. Vijayakumar, Y.M. Gao, Y. Shi, J.L. Xu, B.Y. Fu, S.B. Yu, A.J. Ali, J. Domingo, R. 
Maghirang, R. Torres, D. Mackill, Improvement of rice drought tolerance through backcross breeding: evaluation of donors and 
selection in drought nurseries [J], Field Crops Res. 97: 77–86, 2006. 
[3] J.A. Lauriano, J.C. Ramalho, F.C. Lidon, M. Matos, Peanut photosynthesis under drought and re-watering [J], 
Photosynthetica. 2004, 42, pp 37–41.  
[4] D.W. Lawlor, G. Cornic, Photosynthetic carbon assimilation and associated metabolism in relation to water deficits in 
higher plants [J], Plant Cell Environ. 2002, 25, pp 275–294. 
[5] A.H. Price, J.E. Cairns, P. Horton, H.G. Jones, H. Griffiths, Linking drought-resistance mechanisms to drought avoidance 
in upland rice using a QTL approach: progress and new opportunities to integrate stomatal and mesophyll responses [J], J. Exp. Bot. 
2002, 53, pp 989–1004. 
[6] B. Jongdee, S. Fukai, M. Cooper, Leaf water potential and osmotic adjustment as physiological traits to improve drought 
tolerance in rice [J], Field Crops Res. 2002, 76, pp 153–163. 
[7] J.D.L.C. Siopongco, A. Yamatichi, H. Salekdeh, J. Bennett, J. Wadelen, Growth and water use response of doubled-haploid 
rice lines to drought and rewatering during the vegetative stage [J], Plant Prod. Sci. 2006, 9, pp141–151. 
[8] H. Kauss, E. Theisinger-Hinkel, R. Mindermann, U. Conrath, Dichloroisonicotinic and salicylic acid, inducers of systemic 
acquired resistance, enhance fungal elicitor responses in parsley cells [J], Plant J. 1992, 2, pp 655–660. 
[9] U. Conrath, C.M.J. Pieterse, B. Mauch-Mani, Priming in plant-pathogen interactions [J], Trends Plant Sci. 2002, 7, pp 210–
216. 
[10] U. Conrath, G.J.M. Beckers, V. Flors, P. Garcia-Agustin, G. Jakab, F. Mauch, et al, Priming: getting ready for battle [J], 
Mol. Plant-Microbe Interact. 2006, 19, pp 1062–1071. 
[11] A. Kessler, R. Halitschke, C. Diezel, I.T. Baldwin, Priming of plant defense responses in nature by airborne signaling 
between Artemisia tridentata and Nicotiana attenuata [J], Oecologia. 2006, 148, pp 280–292. 
[12] G. Jakab, J. Ton, V. Flors, L. Zimmerli, J.P. Metraux, B. Mauch-Mani, Enhancing Arabidopsis salt and drought stress 
tolerance by chemical priming for its abscisic acid responses [J], Plant Physiol. 2005, 139, pp 267–274. 
[13] M. Parra, A. Albacete, C. Martinez-Andujar, F. Perez-Alfocea, Increasing plant vigour and tomato fruit yield under salinity 
by inducing plant adaptation at the earliest seedling stage [J],  Environ. Exp. Bot. 2007, 60, pp 77–85. 
[14] T.J.A. Bruce, M.C. Matthes, J.A. Napier, J.A. Pickett, Stressful “memories” of plants: evidenceand possiblemechanisms [J], 
Plant Sci,  2007, 173, pp 603–608. 
[15] F.P. Gomesa, M.A. Oliva, M.S. Mielke, A.F. de Almeida, H.G. Leite, L.A. Aquino, Photosynthetic limitations in leaves of 
young Brazilian Green Dwarf coconut (Cocos nucifera L. ‘nana’) palm under well-watered conditions or recovering from drought 
stress [J], Environ. Exp. Bot. 2008, 62, pp 195–204. 
[16] B. Efeoğlu, Y. Ekmekçi, N. Çiçek, Physiological responses of three maize cultivars to drought stress and recovery [J], 
South Afr. J. Bot. 2009, 75, pp 34–42. 
1345Xuemei Li et al. / Procedia Environmental Sciences 11 (2011) 1339 – 1345Author name / Procedia Environmental Sciences 00 (2011) 000–000 
 
[17] J.M. Farrant, W.C. Vander, D.A. Lofell, S. Bartsch, A. Whittaker, An investigation into the role of light during desiccation 
of three angiosperms resurrection plants [J], Plant Cell Environ. 2003, 26, pp 1275–1286. 
[18] S. Munné-Bosch, L. Alegre, Changes in carotenoids, tocopherols and diterpenes during drought and recovery, and the 
biological significance of chlorophyll loss in Rosmarinus officinalis plants [J],  Planta. 2000, 207, pp  925–931. 
[19] I. Kranner, R.P. Beckett, S. Wornik, M. Zorn, H.W. Pfeifhofer, Revival of a resurrection plant correlates with its 
antioxidant status [J],  Plant J. 2002, 31, pp 13–24. 
[20] D.M. Pandey, K.H. Kang, U.D. Yeo, Effects of excessive photon on the photosynthetic pigments and violaxanthin 
deepoxidase activity in the xanthophyll cycle of spinach leaf [J], Plant Sci. 2005, 168, pp 161–166. 
[21] W. Tezara, O. Marín, E. Rengifo, D. Martínez, A. Herrera, Photosynthesis and photoinhibition in two xerophytic shrubs 
during drought [J], Photosynthetica. 2005, 43, pp 37–45. 
[22] J. Flexas, J. Bota, J. Galmes, H. Medrano, M. Ribas-Carbo, Keeping a positive carbon balance under adverse conditions: 
responses of photosynthesis and respiration to water stress [J],  Physiol. Plant. 2006, 127, pp 343–352. 
[23] V. Lang, E.T. Palva, The expression of a rab-related gene, rab18, is induced by abscisic acid during the cold acclimation 
process of Arabidopsis thaliana (L.) Heynh [J], Plant Mol. Biol. 1992, 20, pp  951–962. 
H. Knight, S. Brandt, M.R. Knight, A history of stress alters drought calcium signalling pathways in Arabidopsis [J], Plant J. 
1998, 16, pp 681–687. 
